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Introduction 
  A steadily changing climate demands an equally active reframing of the way 
students engage with the topic within and beyond the classroom. Climate change is a significant 
global threat, with unique impacts in different regions. Within the United States, each region, 
state, city, town, family, and individual has a unique personal stake in the issue. A student's 
preexisting understanding and connection to the changing climate can drastically alter the way 
they absorb and interpret information. For this reason, methods of teaching should be tailored to 
resonate with the intended audience, all while maintaining the integrity of such a dynamic topic. 
These progressive teaching methods include: highlighting the interdisciplinary nature of climate 
change to better engage students of diverse interests, localizing the impacts of climate change to 
emphasize nearness and urgency, and motivating students to act locally through service learning 
projects. 
 One of the pivotal local impacts of climate change to be explored in the classroom is the 
increase in exposure to vector-borne diseases such as Lyme disease. In the state of Connecticut 
and others in the Northeast and upper Midwest, where Lyme disease is a pressing public health 
issue, this relationship is a great opportunity to engage students in a lesson and discussion of the 
geographical and temporal proximity of climate change and its impacts, which are often regarded 
as distant. Changes in temperature and precipitation patterns, along with anthropogenic impacts 
on biodiversity, will have significant influences on the success, range, and seasonal activity of 
the vector-host system of Lyme disease, and subsequent alterations of human exposure and 
disease incidence in different regions. 
 To project future Lyme disease exposures, one must focus first on the activity and 
success of the vector-host system, then on the beha
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Lyme-infected blacklegged ticks are currently seen in the Northeast and upper Midwest, largely 
dictated by climate. Rising temperatures and changing seasons are anticipated to cause a 
northward expansion of the blacklegged tick and its hosts, earlier seasonal arrival of the ticks, 
and greater time for disease transmission. Increased precipitation associated with climate change 
predictions will also increase habitat suitability and favor tick survival. Furthermore, biodiversity 
loss associated with climate change, deforestation, and habitat fragmentation will contribute to 
the dilution effect, resulting in greater success of the vector-host system.  
 The projected expansion and success of Lyme-infected ticks, both spatially and 
temporally, presents a clear threat to human health; however, the population's disease exposure is 
dependent upon a number of additional factors. Human population distribution and migration to 
or away from areas with dense foci of Lyme-infected ticks, as well as landscape, behavior, 
occupation, and disease control measures, have significant influences on exposure and incidence 
rates. These variations, along with the complexity of the impacts of climate change on the 
vector-host system of Lyme disease, necessitate focused community education and action to 
better manage and mitigate the disease. 
 The body of the paper includes both an analysis of the unique relationship between 
climate change and human exposure to Lyme disease, as well as a discussion of the strategies to 
be used in the classroom when teaching the topic of climate change. Part I focuses on the impacts 
of changes in temperature and precipitation patterns, and in biodiversity loss, as well as the 
limitations to those predictions, future projections, and disease mitigation strategies. Part II 
emphasizes the topic's applications in education, accompanied by a sample curricular unit aimed 
at investigating climate change, and a short educational video illustrating the relationship 
between climate change and Lyme disease. Taken together, the paper aims to provide a 
	 4	
framework for climate change education reform, with an emphasis on the exploration of climate 
change and Lyme disease as a strategy for elucidating the topic. 
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Part I: CLIMATE CHANGE AND HUMAN EXPOSURE TO LYME DISEASE 
Background 
 Climate change is frequently considered in terms of its direct effects, but we must begin 
acknowledging and preparing for indirect effects, as well. Temperature and precipitation 
changes, and subsequent loss of biodiversity, are projected to have a strong influence on complex 
vector-host systems that cause diseases such as Malaria, Dengue, West Nile virus, Rickettsia, the 
Plague, and Lyme disease.  The impacts will not be homogeneous, but rather vary from region to 
region. Complexity is furthered by the presence of additional factors external to climate change, 
including forest fragmentation and hunting. For this reason, predicting the future range and 
success of Borrelia burgdorferi, the causative agent of Lyme disease, can be very challenging. 
Moreover, exposure to ticks and Lyme disease depends also on human behavior, and population 
growth and migration. Consequently, predicting the impacts of climate change on Lyme disease 
incidence in the future, and determining appropriate public health interventions, involves 
viewing the interactions in the broader context of global change. 
 The vector-host system of Lyme disease involves three major components: pathogen, 
vector, and its primary host, or B. burgdorferi, Ixodes scapularis, and Peromyscus leucopus, 
respectively. The infected vector, also known as the Eastern blacklegged tick, carries the 
pathogen, while the primary host, better known as the white-footed mouse, carries and transports 
the vector in both its larval and nymphal stages. The white-tailed deer, Odocoileus virginianus, 
carries and transports the vector in its adult stage, during which the blacklegged tick feeds and 
mates, but cannot infect humans. While the white-footed mouse and white-tailed deer are critical 
hosts in the continuous cycle of pathogen transmission, humans find themselves at the very end, 
impacted by the disease but rarely involved in the proliferation of the organism. This complex 
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system has placed tens of millions of Americans at great risk of contracting Lyme disease. 
Specifically, the Northeast and upper Midwest exhibit dense foci of I. scapularis and B. 
burgdorferi (Diuk-Wasser et al., 2012).  
 
Figure 1: Vector host system and transmission cycle of B. burgdorferi (Little, Heise, Blagburn, 
Callister, & Mead, 2010) 
 Although Lyme disease initially emerged in Connecticut in the mid to late 20th century, 
disease cases have since appeared in a number of regions throughout North America. This is 
attributable to both range expansion of the vector-host system, as well as more improved 
reporting of the disease. Human case data have been incorporated into vector-host range maps to 
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develop predictive geographical models of Lyme disease risk, or risk maps, throughout the 
United States. The level of risk was determined by the density of infected I. scapularis nymphs 
per 1,000 square meters in a number of sites, then compared to predicted risk based on reported 
disease cases (Diuk-Wasser et al., 2012). The factors depicted two dense foci classified as high 
risk; they possessed similar qualities, including low seasonal extreme temperatures and large 
forest patch indices (Diuk-Wasser et al., 2012). Beyond this clear trend in the Northeast and 
upper Midwest, epidemiological data reveal that these once distinct foci have expanded into a 
considerable number of counties throughout South, Southeast, and West in the past decades, 
although posing less of a disease threat in those minimally-populated forested areas (R.J. Eisen, 
L. Eisen, & Beard, 2016). 
 
Figure 2: Climate-based model for Lyme disease risk (Diuk-Wasser et al., 2012) 
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 Those who contract Lyme disease exhibit flu-like symptoms that can become chronic and 
widespread if left untreated. The pathogen enters the human body through the skin, but is 
capable of rapidly transmitting through the body within 36 to 48 hours of adherence in most 
cases, (Stafford, 2007) and eventually adhering to brain tissue. Symptoms typically appear as 
circular rashes called erythra migrans, along with headache and fatigue; however, once the 
disease disseminates, it can cause neurological, cardiac, and musculoskeletal manifestations 
(Shapiro & Auwaerter, 2002). Pathogenesis of B. burgdorferi involves the adherence of the 
bacteria expressing outer surface protein A (OspA) to the human's mesenchymal cells, and later 
entrance via intracellular junctions and the cytoplasm (Shapiro & Auwaerter, 2002). Thereafter, 
the body produces IgM antibodies and inflammation in response to the infection; however, 
without proper treatment, B. burgdorferi can travel and manifest throughout the body (Shapiro & 
Auwaerter, 2002). Given the serious nature of the disease, it is critical that we anticipate future 
environmental changes that will impact disease prevalence, in order to make well-informed 
public health and mitigation decisions. 
 
Impacts of Climate Change on the Vector-Host System - Temperature 
 Climate largely determines habitat type and subsequent suitability for those species 
involved in the B. burgdorferi vector-host system. The rise in global average temperature that we 
expect to see in the next century will be the primary driver of range and abundance changes for 
the vector and its hosts, although water vapor pressure, precipitation patterns, and climate-driven 
biodiversity loss will also play significant roles in altering the vector-host system. Collectively, 
these elements will have a considerable effect on the range, survival, success, and timing of the 
Lyme disease vector, I. scapularis, and its reservoirs.  
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 Rising temperatures will very likely result in the range expansion of the Eastern 
blacklegged tick vector, I. scapularis, to higher latitudes and higher altitudes. Infected nymphs 
thrive in habitats with mild temperatures in the winter (Diuk-Wasser et al., 2012); therefore, 
more areas will become habitable due to rising temperatures. Specifically, they are expected to 
grow into areas north of current foci, and at higher elevations. These include Canada, which is 
expected to see a 213% increase in suitable habitat by 2080, and the southern Appalachian 
Mountains, as the degree of subfreezing temperature exposure decreases (Brownstein, Holford, 
& Fish, 2005). In addition to impacting the locations of range expansion, it has been suggested 
that rising temperatures will allow for more rapid colonization of the new areas. This is 
supported by models of the coolest and hottest years on record, which exhibited range front 
velocities of 35 km per year and 55 km per year, respectively (Leighton, Koffi, Pelcat, Lindsay, 
& Ogden, 2012). This increase in velocity is accomplished by a greater rate of survival for those 
ticks that inhabit more suitable geographical locations at high latitudes and altitudes, as well as 
by greater dispersal via various host species. Neighboring tick abundance also has a strong 
influence on population establishment speed. Through the inclusion of an autocovariate term for 
the similarity of sites close together in a nymphal density model, it was found that as the number 
of suitable habitat locations increases, so does the success of existing nearby populations of 
infected nymphs (Diuk-Wasser et al., 2012). Ultimately, this relationship has a positive feedback 
on tick population success.  
 Although rising temperatures have a positive effect on the northward expansion of the 
range of blacklegged ticks, it can also have a negative effect on the survival of existing 
populations of ticks. A model simulation of the distribution of I. scapularis in 2080 in the 
presence of temperature rise shows a retraction from lower latitudes, including Texas, 
	 10	
Mississippi, and Florida, where the habitat is no longer suitable due to increases in previously 
optimal temperatures (Brownstein et al., 2005). 
 The seasonality of temperature, specifically the rate and timing of fall cooling and spring 
warming, is a factor that can strongly influence the phenology of I. scapularis nymphs and 
larvae. By monitoring tick abundance over 19 years, it was determined that for every 100 
cumulative heating degree-days, seasonal activity peaks of the blacklegged tick advanced 3 to 4 
days (Levi, Keesing, Oggenfuss, & Ostfled, 2015). As phenology shifts, I. scapularis could find 
itself interacting with new species, resulting in “novel species pairings” (Altizer, Ostfeld, 
Johnson, Kutz, & Harvell, 2013), and subsequent success or strain on the species. The earlier 
arrival of ticks presents a unique public health concern as the timing of tick activity interacts 
with the timing of human outdoor activity. For example, if tick activity peaks in May rather than 
June, school aged children will still be in school rather than outdoors during times when they 
would be most susceptible, lowering exposure. On the other hand, a shift in tick activity can 
present problems to individuals who are unaware of the change in seasonal timing and, therefore, 
do not take personal protective measures. 
 In addition to the overall advancement of seasonal activity of I. scapularis, the difference 
in timing of the emergence of tick nymphs and larvae in the spring and summer, respectively, 
due to climate warming, can impact the transmission of Lyme disease. Asynchrony of the 
seasonal activity of blacklegged ticks allows greater time for infection of hosts by nymphal ticks, 
and later retrieval of the pathogen by feeding larvae (Levi et al., 2015). This ultimately results in 
greater transmission of pathogens, especially those that are able to persist for greater lengths of 
time. 
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  Similar to the vector I. scapularis, a number of hosts will also be impacted by rising 
temperatures, which allow for more suitable habitat at northern latitudes. According to species 
distribution modeling, in the presence of climate change, the range of the white-footed mouse, P. 
leucopus, is expected to expand north by 3 degrees latitude, or 300 km, by 2050 (Roy-Dufresne, 
Logan, Simon, Chmura, & Millien, 2013). In calculating this expansion, short winter lengths and 
high winter average temperatures played a significant role in the chance of occurrence (Roy-
Dufresne et al., 2013). White-footed mouse expansion will also be influenced by the long-term 
northward expansion and survival rates of oak trees in response to temperature rise, and 
subsequent availability of acorns as a food source (Ostfeld, Canham, Oggenfuss, Winchcombe, 
& Keesing, 2006). Although seemingly small, this is an important indirect effect of climate 
change on the vector-host system. Also likely is the expansion of other hosts, including species 
of lizard and the white-tailed deer, Odocoileus virginianus. Lizard species are the primary host in 
the South; however, range expansion will allow for their success farther north as well, 
influencing the existing enzootic cycle (Brownstein et al., 2005). The white-tailed deer is less of 
a direct concern for human disease risk than the white-footed mouse, because deer carry adult 
ticks, and human transmission occurs primarily by nymphs (Little, et al., 2010).  
 Although the ticks that drop from the white-tailed deer cannot infect humans, the deer 
does act as a host for the female tick prior to egg production. For this reason, range expansion of 
the white-tailed deer can indirectly impact the success rates of I. scapularis and B. burgdorferi, 
and the subsequent risk for of human exposure to Lyme disease. Expansion of the white-tailed 
deer has been, and continues to be, influenced by a number of factors, including climate change, 
hunting, and human land use changes. In a study, model validation metrics were employed to 
isolate and predict the expansion due solely to climate change (Dawe & Boutin, 2016). General 
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climate models based upon the findings of the Intergovernmental Panel on Climate Change were 
used to assign changes in temperature, winter severity, and growing season length to 
geographical grid cells over time. These predicted changes were compared to past data to 
determine an anticipated 80,900 square kilometer increase in the range of white-tailed deer in the 
northern Alberta boreal by 2050 (Dawe & Boutin, 2016). This accounts for 88% of the total 
increase in area due to both climate and land use change (Dawe & Boutin, 2016).  
 Despite this significant anticipated shift, and success of the white-tailed deer in new 
geographical areas, additional studies have shown only weak relationships between deer 
abundance and Lyme disease risk. It was observed that a number of indices of deer abundance 
did not correlate with consequent nymphal tick abundance beyond a threshold value (Ostfeld et 
al., 2006). For this reason, removal of deer by hunting or habitat control can drastically decrease 
Lyme disease risk; however, significant increases in deer population size have much less of an 
impact. It is still, however, important to consider the ability of the white-tailed deer to carry 
female ticks and their eggs to new locations, as an indirect driver of increased Lyme disease risk.  
 
Impacts of Climate Change on the Vector-Host System – Moisture and Precipitation Patterns 
 Aside from temperature, moisture and precipitation patterns can have a significant 
influence on the survival and success of I. scapularis. Climate models have shown that low 
vapor pressure deficit is associated with success of nymphs, while water stress decreases adult 
tick survival (Diuk-Wasser et al., 2012). By utilizing monthly precipitation data from 1992 to 
2002 in the Northeast and mid-Atlantic, a rank correlation study showed that when spring and 
early summer precipitation were above average, and the duff layers of forests were more moist, 
tick survival was favored (McCabe & Bunnell, 2004). Precipitation and Lyme disease reports for 
	 13	
the months of May and June revealed that high relative humidity and rainfall enhance tick 
survival. The strong correlation coefficient of 0.75 can be explained by the interruption of larval 
diapause and encouragement of successful nymphal questing  (McCabe & Bunnell, 2004).  
Climate change predictions show past and future increases in average precipitation in the United 
States, especially in the north; therefore, tick activity and survival will likely increase, especially 
in areas where rising temperatures are also providing greater habitat suitability. 
 
Impacts of Climate Change on the Vector-Host System – Biodiversity Loss 
 In addition to temperature rise and altered precipitation patterns, biodiversity loss is a 
concerning consequence of climate change. This can increase the rate of pathogen transmission 
through the loss of the dilution effect (Altizer et al., 2013). In other words, as the species 
richness of an area decreases, a vector has a higher probability of feeding on a more abundant 
host. In the Northeast, communities with lower species diversity are more likely to be governed 
by the white-footed mouse, P. leucopus, while communities with greater species diversity exhibit 
more balance of government (LoGiudice et al., 2008). As host diversity and competition 
decrease, the number of P. leucopus interactions with the blacklegged tick, I. scapularis, surges, 
resulting in a high prevalence of nymphal infection.  
 
Considerations and Limitations to Predictions – Human Impacts on Hosts 
 The predictions previously discussed are largely subject to a number of considerations 
and limitations due to the nature of the models and data used in formulation. These 
considerations add an additional layer of complexity to understanding and predicting the future 
fate of the vector-host interactions that lead to the transmission of Lyme disease.  
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 Although biodiversity loss is a well-known consequence of climate change, it is caused 
by non-climate related sources as well. Hunting and habitat fragmentation due to urban sprawl 
also result in significant landscape change, damage to ecosystems, and loss of biodiversity. 
These are, and will continue to be, major contributors to the biodiversity dilution effect 
previously mentioned, and subsequent success of interactions between P. leucopus and I. 
scapularis. Specifically in the Northeast, small forest fragment sizes have been linked to higher 
densities of the white-footed mouse P. leucopus. As the population in the United States continues 
to rise, there will be even greater pressure to expand into forested areas, resulting in biodiversity 
loss. The subsequent shift in vegetation, along with human population growth, habitat 
destruction, and hunting, will also impact the survival and movement of the white-tailed deer. 
This host of I. scapularis is far more resilient to temperature rise and other climatic changes than 
the white-footed mouse (Brownstein et al., 2005). Although it is important to separate 
biodiversity loss by cause when making predictions about climate change only, moving forward 
we must understand the additive nature of anthropogenic changes to the environment in order to 
make informed public health decisions.  
 It is foreseen that climate and land use changes will collectively drive the white-tailed 
deer into developed land with more suitable climates and habitats. While climate change has a 
strong influence on the range expansion and spread of deer, land use concurrently impacts the 
abundance of deer through the manipulation of resources like food, water, and shelter (Dawe & 
Boutin, 2016). A study conducted at DeSoto National Wildlife Refuge of Nebraska and Iowa 
from 2003 to 2009 demonstrated that a 41.8% decrease in land area used for crop production, 
along with harvesting of deer, were associated with a 31.8% decrease in deer density (Hefley et 
al., 2013). In contrast, an increase in land area used for crop production would be associated with 
	 15	
an increase in deer density. As human population increases, so does the demand for food; 
however, it is more likely that this will be met by improved farm efficiency rather than 
expansion of cropland, as more and more land becomes urbanized.  
 
Considerations and Limitations to Predictions – Human-Altered Disease Exposure 
 A significant limitation to predictions that utilize Lyme disease incidence data in 
correlation with temperature and precipitation data, is that Lyme disease incidence is not always 
reflective of risk. Not all disease occurrences are reported each year, and an area can have a high 
density of B. burgdorferi, but a low human population. When discussing the predicted expansion 
of I. scapularis into new areas in the North, this does not necessarily mean that more people will 
be at risk. If the vector-host system becomes more prevalent in a less populated area, or less 
prevalent, due to contraction, in heavily populated areas, disease incidence will actually go 
down. For this reason, utilizing United States Census data and population predictions is 
important to determining future human exposure. Human migration to suitable or unsuitable 
areas will largely determine risk and incidence in the presence of climate change-driven 
redistribution. In the United States, it is likely that future population growth will be most 
concentrated in the South (Brownstein et al., 2005), which could ultimately result in decreased 
national disease incidence despite overall expansion of the Lyme disease vector-host system. 
 The complexity of Lyme disease transmission goes far beyond mere presence of the 
disease or ticks. A map of B. burgdorferi or I. scapularis prevalence may not necessarily be 
indicative of a population’s disease risk. Many factors can influence human incidence, including 
focused human population growth and decline, as mentioned above, as well as human behavior 
and occupation, disease control measures, and landscape structure management. These 
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collectively influence one’s probability of exposure, an intricate calculation based on the density 
of infected nymphs, entomologic risk index, and influence of these human factors and control 
measures (Ginsberg, 2016). Each individual has a unique probability of exposure, even if the 
density of infected nymphs is the same. For example, the exposure of an individual with an 
outdoor occupation would differ greatly from one with an indoor occupation. Similarly, an 
individual who hikes through man-made trails with boardwalks would be at less of a risk than 
one who hikes through untouched forest (Ginsberg, 2016). This validates the importance of 
enhanced awareness and surveillance of disease exposure to guide adaptive management in high-
risk areas. More accurate disease reporting will allow for a more tailored approach to disease 
mitigation, especially as the vector-host system continues to transform its range and magnitude 
with a changing environment.   
 
Future Projections and Disease Mitigation Strategies 
 The impacts of climate change will make it increasingly difficult to predict the movement 
and success of Lyme disease in the coming years. The studies mentioned predict the following 
critical changes that cannot be ignored: range expansion of the vector host system; more rapid 
colonization of new regions including Canada and the southern Appalachian Mountains; earlier 
seasonal arrival of the blacklegged tick; and greater persistence and transmission of the pathogen 
due to asynchrony of nymphs and larvae, and the loss of the dilution effect. These changes must 
be considered in order to formulate and employ targeted disease mitigation strategies.  
 Sizeable steps toward climate change mitigation, including the reduction of greenhouse 
gas emissions and improvement of carbon sequestration, could significantly reduce Lyme disease 
risk in those areas of anticipated future growth and transmission. Unfortunately, it is not enough 
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to solely rely on climate change mitigation to protect the public from Lyme disease. Climate 
change can and will transform the current range and success of the disease, significantly 
reducing its predictability; therefore, it is important to anticipate future changes in order to 
develop targeted public health strategies for those most affected areas. 
 In terms of public health prevention models, there are a number of interventions that can 
be aimed at reducing Lyme disease risk. Lyme disease mitigation at the primary preventative 
level involves utilizing personal protective measures to avoid, repel, and remove ticks. 
Individuals who spend time outdoors should refrain from visiting heavily wooded areas, utilize 
insect repellants such as DEET, applied to the skin, or permethrin, which only adheres to 
clothing, and wear protective light-colored apparel to prevent the attachment of nymphal ticks 
(Stafford, 2007). Transmission of B. burgdorferi can occur within 36 to 48 hours of attachment; 
therefore, it is critical that individuals remove ticks upon returning home after being in the 
outdoors (Stafford, 2007). Removal methods include showering, heating clothing in a dryer, and 
performing self-examinations. A critical secondary preventative method is community education 
about the warning signs of Lyme disease, to allow for early disease intervention to stop or slow 
its progression. Finally, tertiary disease protection involves the treatment of the disease with 
antibiotics following transmission. 
 Although personal protection is an essential component of Lyme disease mitigation, 
large-scale primary protective measures for managing the disease and its vector-host system 
within communities are essential. The Federal Insecticide, Fungicide, and Rodenticide Act 
(FIFRA) calls for the adoption of integrated pest management (IPM) strategies to prevent 
“unreasonable effects on the environment” and human health (U.S. Senate, 2012, p.12). IPM is a 
more environmentally mindful approach to pest control that focuses on pest prevention and 
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limited pesticide use (U.S. Environmental Protection Agency [EPA], 2016). The risks associated 
with chemical measures often outweigh the control benefit of the pesticides; therefore, advanced 
practices focus on nonchemical methods of pest prevention until a threshold pest population 
level is reached (U.S. EPA, 2016). Nonchemical methods can include keeping grass cut short, 
removing large piles of leaves to control mice, creating wood or stone walkways, as well as other 
landscape management techniques. At the University of Connecticut, the IPM program utilizes 
both cultural and biological controls to protect the community’s environmental health, with a 
focus on outreach, education, and well-informed decision-making (UConn Department of 
Extension, 2016). 
 Together, awareness and adaptation can substantially reduce disease risk; however, 
vaccination holds the greatest potential for primary disease prevention. At the moment, there is 
not a Lyme disease vaccine available to the public, although research and development have 
been ongoing since the late 20th century. From 1998 to 2002, a vaccine known as LYMErix was 
on the market; however, it was withdrawn due to a number of concerns. The methodology 
involved injecting humans with a lipidated outer surface protein found on B. burgdorferi, OspA, 
prior to exposure, to encourage the development of antibodies to combat the bacteria upon tick 
attachment. Poor efficacy, and risk of vaccine-induced arthritis and autoimmune responses 
collectively resulted in low consumer demand for the vaccine (Izac, Oliver, Earnhart, & 
Marconi, 2017).  
 Since then, scientists have pursued the improvement of the previous vaccine to address 
these concerns.  More recent studies have focused on a chimeric protein that combined a 
modified OspA and OspC, another outer surface protein found on B. burgdorferi. By fractioning 
the OspA epitope, the LFA-1 protein causing concerns of arthritis and autoimmune response was 
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removed (Izac et al., 2017). Moreover, this multivalent vaccine allowed for a synergistic, broad 
protection, and improved efficacy (Izac et al., 2017).  
 On July 24th, 2017, the United States Food and Drug Administration (FDA) granted “Fast 
Track designation” for a new Lyme disease vaccine produced by Valneva, a commercial 
biotechnology company based in France and Austria. The vaccine, VLA15, is currently 
undergoing clinical development and trials (Valneva, 2017). The vaccine utilizes a similar 
immunization methodology as previously discussed, and focused on the OspA of B. burgdoreferi 
because it is one of the most predominant proteins on the bacteria (Valneva, 2017). A Lyme 
disease vaccine is currently in high demand, and this designation could expedite market 
approval; however, the results of the ongoing trials will be strong determinants of the safety and 
efficacy of this new vaccine. Nevertheless, further research of new, alternative methods of 
vaccination is an essential component of future Lyme disease eradication.  
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Part II: REFRAMING CLIMATE CHANGE EDUCATION: ADDRESSING THE TOPIC 
FROM AN INTERDISCIPLINARY, LOCAL PERSPECTIVE 
Background 
 According to a national survey, 70% of people in the United States believe climate 
change is happening; however, only a small percentage believe that it will harm them personally 
(Marlon, Howe, Mildenberger, & Leiserowitz, 2017). Skepticism is no longer the most important 
barrier to combating climate change. Rather than continue to persuade people that climate 
change is real, climate change communicators should convince them that the issue is urgent. 
There is a great need to reframe the way climate change is approached in classrooms, as well. In 
order to close the gap between understanding and behavior, the topic must be framed in a way 
that allows for meaningful engagement. Encouraging students to care, and motivating them to 
take action, involves providing a transparent display of the magnitude of the issue that lies in 
front of them. 
 The topic must be taught from a variety of angles and disciplines that different students 
with different interests and values can interpret and appreciate. The science of climate change 
alone will not capture an entire class's attention, but a discussion that includes art, history, 
politics, economics, and human rights is far more likely to reach a greater audience. Furthermore, 
students need to be shown why they should be interested, and how the issue impacts them 
personally. Although climate change is a global issue, the impacts are local. Once students are 
interested and motivated, the final step is encouraging them to act, by showing them what they 
are capable of achieving.  
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Highlighting the Interdisciplinary Nature of Climate Change 
 When addressing real world challenges like climate change within the classroom setting, 
teachers cannot rely solely on the knowledge found within the boundaries of a single subject's 
curriculum. To truly reach an audience of diverse backgrounds and interests, climate science 
must be communicated through a variety of additional disciplines that allow for a more 
comprehensive understanding, as well as an appeal to the audience's existing values. These 
disciplines include, but are not limited to: technology, politics, history, economics, mathematics, 
ethics, and human rights. The strategic use of language, metaphor, analogy, visuals, and case 
studies associated with these varied disciplines can complement climate science, and lead to 
greater audience perception (Center for Research on Environmental Decisions [CRED], 2009). 
According to a three-year study of exemplary interdisciplinary work in high schools, universities, 
and the professional field, the strategy of "problem-centering," or using a number of disciplines 
to tackle real-life problems, best captures students' attention and creativity (Nikitina, 2006). 
 Interdisciplinary learning, which transcends subject boundaries, allows students to pool 
knowledge from their prior coursework and experiences, and collectively develop a novel, 
sophisticated understanding and appreciation for topics like climate change. Proponents of this 
pedagogical style argue that it is imperative that students engage critically with various 
disciplines, prepare for a professional world that often relies on team work and collaboration, and 
anticipate the necessity of integrated approaches to solving complex world problems (Woods, 
2006), such as climate change, emerging infectious disease, famine, migration, overpopulation, 
and access to clean water. Engagement in interdisciplinary education will provide students with a 
number of skills, including conceptual competence, the ability to apply tools from a number of 
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disciplines to solve problems, the capacity to interpret evidence from multiple perspectives, and 
an openness to beliefs and disciplines different than their own (Woods, 2006).  
 In order to begin framing an issue such as climate change, it is important to first 
determine an audience's preexisting knowledge, values, and aspirations, and use this information 
to develop context for the conversation (Moser & Dilling, 2011). This can be completed through 
the construction of a class mind map, an educational tool for determining students' prior 
knowledge regarding a topic, and subsequently building upon this existing knowledge. Such a 
tool applies the constructivist learning theory, which takes into account human cognition. It 
challenges traditional teaching by encouraging students to drive the discussions by constructing 
ideas that utilize both existing and newly provided knowledge (Xu, Han, Zhang, & Zhang, 
2008). According to a study of the psychology of climate change, one's existing mental model of 
the topic, including their past experiences, perceptions, and knowledge, can significantly shape 
how they approach, interpret, and absorb new ideas associated with that topic (CRED, 2009).  
 It is essential that educators determine their students' prior knowledge and beliefs of 
climate change, and then adapt their teaching methods to be more approachable and relatable. 
For example, if teaching a student interested in economics about climate change, it would be 
beneficial to frame the issue from an economic standpoint, perhaps one related to the impacts of 
sea level rise on the housing market, or one highlighting a carbon tax as a potential solution to 
global emissions. Furthermore, it is important that educators acknowledge the political 
atmosphere surrounding the topic of climate change, yet set it aside to allow for more targeted 
discussions of the impacts and solutions. A strategic way to recognize this is to frame the 
discussion in terms of prudent avoidance; regardless of one's beliefs of the validity of climate 
change, it is important to take precautions to minimize all of the potential risks. 
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Figure 1: Example of a mind map on climate change 
 Following the construction of a class mind map, an interdisciplinary perspective on 
climate change could be further developed through the assignment of a group project that 
emphasizes the great number of ways the issue of climate change can be framed. The project 
would be as follows: 
 Within groups, students will choose a discipline associated with climate change based on 
 their interests (i.e. science/technology, politics/history, economics/mathematics, and 
 ethics/human rights), and create a presentation for the class that highlights climate change 
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 from that perspective. Students should use a variety of resources and visuals to engage 
 the class (e.g. artwork, poems, pictures, graphs, and timelines).  
Students would be encouraged to reference ideas and knowledge from prior coursework and 
personal experiences, as well as reputable findings from primary literature, news sources, social 
media, and other online resources. In order to stimulate thought and creativity, students could be 
asked to read the poem, The Last Words of the Honey Bees (Chen), as an example of literary art 
that supports a multidisciplinary perspective of the agricultural industry and farmworker justice. 
Similarly, students could be shown the short film, Paradise Lost, which illustrates the moral 
context of climate change associated with sea level rise and population displacement of small 
island nations, who themselves produce minute levels of emissions (Bigelow & Swinehart, 
2015). After discussing the themes of the poem and the film, as well as the interdisciplinary 
nature of environmental issues like industrial agriculture and sea level rise, students would be 
encouraged to think about how climate change implicates a number of areas, including human 
rights and environmental justice. Students would then develop a deeper understanding of the 
interdisciplinary nature of climate change upon development and presentation of their unique 
projects. 
 
Localizing the Impacts of Climate Change 
 A study of the psychology of climate change communication identified that United States 
residents view climate change as a threat only to plants, animals, and people in geographically 
distant locations; only nineteen percent of residents felt that climate change is a serious threat to 
them and their families (Center for Research on Environmental Decisions, 2009). Furthermore, 
in a study conducted in southern England, most participants, including flood victims, framed 
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climate change as a distant issue, removed in both time and space (Lorenzoni, Nicholson-Cole, 
& Whitmarsh, 2007). These beliefs have led the public to view climate change as a "low 
priority" with regard to other issues such as the economic downturn or health care reform, 
specifically due to the misunderstanding that climate change is a problem that will only affect 
future generations and distant locations (CRED, 2009; Ockwell & Whitmarsh, 2009). In order to 
prioritize climate change among other issues, people must understand its direct impacts on those 
concerns such as the economy, health, and natural security (CRED, 2009). 
 Capturing an audience's attention, especially one that is disinterested or dismissive, can 
be very challenging, especially in the classroom setting. "Mobilization by fear" is a strategy 
discussed in The Oxford Handbook of Climate Change and Society that involves communication 
through "hard-hitting fear appeals," such as flooding, drought, and other catastrophes (Moser & 
Dilling, 2011). Dark images of crises have the power to instill fear and worry in an audience, 
which can be very beneficial when educating a group about the urgency of climate change. 
Successful climate change communication involves an emphasis on the meaningful, local 
impacts. It is crucial to illustrate the impacts that can be seen in one's own backyard in the near 
future. For example, to frame climate change as a local issue, effective communication could 
involve a discussion of the impacts of sea level rise on the subway system in New York City, 
rather than in Bangladesh (CRED, 2009).  
 One critical public health issue associated with climate change is the increase in human 
exposure to vector-borne diseases, including West Nile virus, dengue virus, and Lyme disease. 
Lyme disease's intense prevalence in states in the upper Midwest and Northeast, particularly in 
Connecticut, presents a unique opportunity to engage students in a discussion of the local health 
impacts of climate change. This discussion could be opened through the screening of a short 
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informative video summarizing the relationship between climate change and human exposure to 
Lyme disease (Bellucci, 2017). It could then be extended to include all of the local impacts of 
climate change in their area. Students could then be assigned the following group project: 
 Within groups, students will develop a two to three minute video to educate the public 
 about a local impact of climate change, determined by students' research. Students will be 
 encouraged to share their videos on social media to educate friends and family. 
 Addressing the local impacts of climate change, and engaging diverse groups of students, 
involves a careful analysis of the personal stakes held by those populations. For instance, the 
state of West Virginia is heavily reliant on coal, the dirtiest fossil fuel, for its economy. Climate 
policy could have a negative impact on the economy of the state; therefore, targeted discussions 
must acknowledge solutions to both climate change and the declining economy, such as 
diversifying the economy to increase employment and create a healthier environment. Another 
group with a unique stake in climate change mitigation are indigenous peoples, who can offer 
unique perspectives on its ecological, socioeconomic, and infrastructural impacts. For many 
indigenous communities in the United States, climate change and environmental degradation 
have had severe impacts. Those who live traditional, low-impact lifestyles have had little 
contribution to climate change; however, the impacts on local food and water resources are felt 
even stronger (Weinhold, 2010).  
 
Encouraging Students to Act Locally 
 It is not enough to only encourage students' understanding of climate change. Equally 
important is motivating students to take action, which can only be done through meaningful 
engagement. Far too many science programs shy away from structuring lessons around social 
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activism, when this is a critical component to improving the world. The Center for Research on 
Environmental Decisions (2009) found the following:  
 "By framing climate change as a local issue, communicators not only increase their 
 audience's sense of connection to and understanding of climate change, but also promote 
 development of local and regional solutions that could transfer well to the national and 
 global arenas and, further, inspire future action everywhere" (p.10).  
In order to bridge the gap between understanding and behavioral response, educators should 
provide students with opportunities for local engagement to solve local problems. Students need 
to be shown the power they have to create change. 
 An analysis of the reflections of students who participated in climate change service 
learning projects in four college courses revealed that they gained a "more sophisticated 
understanding" of the topic, as well as a "newfound sense of personal responsibility" and 
empowerment (Coleman, Murdoch, Rayback, Seidl, & Wallin, 2017). In this case, service 
learning consisted of "project-based pedagogies" that involved community partners and 
community needs that coincided with the existing curriculum. In one course, students were 
assigned a location, such as a building, street lighting, or a car fleet, to obtain and analyze 
greenhouse gas data to later be used by the municipality to improve efficiency and decrease 
emissions (Coleman et al., 2017).  
 Similarly, a class of high school students in Oakland, California, conducted air quality 
monitoring inside their school and throughout their neighborhood to determine particulate matter 
levels. They subsequently completed an analysis of their data to determine the strongest causes 
of particulate matter accumulation, as well as potential solutions to improving public health. 
They also learned about the high rates of diseases like asthma among minority groups due to 
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poor environmental conditions. According to their teacher, the students became "excellent 
advocates" for air pollution reduction and environmental justice through their involvement in the 
community service project (Bigelow & Swinehart, 2015). 
 Service learning has the power to break down the barriers, specifically "uncertainty and 
disempowerment," that often prevent students from acting against issues like climate change 
(Coleman et al., 2017). The previously mentioned projects were focused on air quality and 
greenhouse gas emissions inventories; however, there exist a large number of projects, that range 
from big to small, that students can undertake as a class. To encourage climate activism on a 
small scale, a class could be assigned the following: 
 Within groups, students will design small-scale service-learning project ideas to 
 mitigate climate change, then pitch their ideas to the class.  
Projects could include: determining the costs and benefits of the installation of a form of 
renewable energy at a location in their school or town, creating artwork to display throughout the 
school or community to reflect environmental issues and advocate for change, conducting a 
clothing or shoe drive to encourage reuse and educate the community about the emissions 
associated with the production and disposal of these goods, hosting food-waste studies in the 
school cafeteria to teach students about the magnitude and impacts of food waste, developing a 
garden at their school to explore methods of sustainable agriculture, engaging the school in a 
carpooling initiative to reduce transportation emissions, and conducting waste audits along with 
teaching the school community about recycling in order to increase waste diversion. 
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Part III:  CONCLUSIONS 
 In a rapidly changing world, it is critical that we combine all available predictions in 
order to determine strategic and advantageous public health and mitigation responses to Lyme 
disease. Focused public health approaches, including community outreach and education, will be 
most beneficial given the future projections for climate change and Lyme disease. Given rising 
global average temperatures, altered precipitation patterns and seasons, and loss of biodiversity, 
it is expected that the vector-host system of Lyme disease will experience range expansion into 
Canada and the southern Appalachian Mountains, increased persistence and transmission in 
existing areas of risk, and earlier seasonal arrival in the coming years.  
 Residents in the most high-risk areas should be made greatly aware of the disease 
symptoms and personal protective strategies to allow for early disease intervention. Children and 
young adults are a subset of the population that spend a great amount of time outdoors; therefore, 
it would be highly beneficial to incorporate lessons on Lyme disease and its environmental 
influences into school curriculums. Not only will this enhance community awareness of the 
disease; relating the science of climate change to human health impacts like Lyme disease will 
offer students a new, local perspective, as well as encourage novel ways of thinking. 
 Within classrooms, there exists a clear need for greater emphasis on why students should 
care about the topics they learn about. Climate change is a great example of a topic in science 
curriculum that deserves far more attention from both teachers and students. It is a complex, 
often daunting, topic for educators, as it is a real-life problem that calls for more than one 
discipline to successfully teach, and work to solve. Within science classrooms, not all students 
are science minded. This cannot be viewed as a disadvantage when teaching a topic like climate 
change, but rather an opportunity for strategic engagement. By framing the issue from multiple 
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perspectives, a teacher encourages collaboration among students from different backgrounds. 
Furthermore, by framing the issue as a local problem, a teacher encourages students to act 
locally. 
 Communicating climate change to students with the hopes that they will take away both 
knowledge and inspiration, speaks to a much larger educational theme. True engagement rests 
upon student interest and understanding. Whether teaching a lesson on climate change, algebra, 
or world history, it is in teachers' best interests to incorporate, and highlight, their students' 
values. Not only will this garner student interest; it will inspire them to ponder and act upon the 
topic as it exists beyond the classroom setting.  
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Sample curricular unit on climate change: 
Climate Change from an Interdisciplinary, Local Perspective 
Subject Area: Science Grade level: 9-12 Duration: 3 weeks 
Teacher's Name: Christen 
Bellucci 
Lesson Focus: Climate Change* 
Instructional Goals 
1. Students will investigate the various subjects involved in climate change 
2. Students will explore the causes and impacts, both local and global, of climate change 
3. Students will brainstorm methods to be proactive at the local level 
Curriculum Objectives (from the National Common Core State Standards for Science Grade 11-12**) 
1. Integrate and evaluate multiple sources of information presented in diverse formats and media (e.g., 
quantitative data, video, multimedia) in order to address a question or solve a problem. 
2. Synthesize information from a range of sources (e.g., texts, experiments, simulations) into a coherent 
understanding of a process, phenomenon, or concept, resolving conflicting information when possible. 
3. Determine the central ideas or conclusions of a text; summarize complex concepts, processes, or 
information presented in a text by paraphrasing them in simpler but still accurate terms. 
Multidisciplinary and Multicultural Goals 
§ Cultivating students' understandings of the connections between various disciplines, including the 
following: science, politics, history, economics, mathematics, ethics, and human rights 
§ Developing awareness of the state of the planet and global dynamics 
§ Developing social action skills 
Assessment/Evaluation 
1. Within groups, students will choose a discipline associated with climate change based on their interests 
(i.e. science/ technology, politics/history, economics/mathematics, and ethics/human rights), and create a 
presentation for the class that highlights climate change from that perspective. Students should use a 
variety of resources and visuals to engage the class (e.g. artwork, poems, pictures, graphs, and timelines). 
2. Within groups, students will develop a two to three minute video to educate the public about a local 
impact of climate change, determined by students' research. Students will be encouraged to share their 
videos on social media to educate friends and family. 
3. Within groups, students will design small-scale service-learning project ideas to mitigate climate 
change, then pitch their ideas to the class.  
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Students will be evaluated based on: 
§ Accuracy of content and citation of reputable sources 
§ Use of visuals to enhance the goals 
§ Group cooperation and organization 
§ Presentation of project 
Instructional Delivery/Student Activities 
1. Introduction to climate change: Develop a mind map with the class based upon their previous 
knowledge of climate change and its associated disciplines.  
2. Read the poem, The Last Words of the Honey Bees, and discuss its themes and how it highlights the 
interdisciplinary nature of environmental issues. Ask students: "How does climate change connect to 
human rights?" Use this conversation to introduce the topics of their interdisciplinary group projects.  
3. Screen the film, Paradise Lost, to illustrate the moral context and urgency of climate change impacts. 
4. Screen the short video, Climate Change and Human Exposure to Lyme Disease, to introduce the lesson 
on the local impacts of climate change. 
5. Decide on a class service-learning project based on group pitches (e.g. composting, installing a rain 
garden, trash audit, and air quality monitoring). Create a collective proposal for the school's 
administration, including the climate change mitigation and environmental sustainability goals, and plans 
for implementation. 
Materials/Resources 
Poem: Jess X. Chen: The Last Words of the Honey Bees 
Video: PBS: Paradise Lost 
Video: Climate Change and Human Exposure to Lyme Disease 
 
*This plan is designed to complement existing lessons on the science of climate change called 
for in the curriculum requirements.  
**Common Core Standards 
 
 
 
Short educational video to illustrate the relationship between climate change and Lyme disease: 
 
Climate Change and Human Exposure to Lyme Disease 
https://spark.adobe.com/video/xPgiBBapnJCHq 
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